Abstract The aim of this study was to report our experience with malignant soft tissue tumors of the maxillary sinus in the period between 1985 to 2010. This is a retrospective case study in a tertiary cancer center setting. Review of patient's records and new evaluation of pathological specimens were made for 20 patients (14 men and 6 women) still met present criteria. After review the most common histological diagnoses were malignant peripheral nerve sheath tumor and malignant fibrous histiocytoma. There are male sex predilection, the median age was 38.9 years; 95% of tumors were [5 cm, 80% were high grade, 0% have metastatic disease at the diagnosis and the tumors were initially treated by surgical resection had better survival (p = 0.02). We present the results of a one of the larger series published to date in maxillary sinus sarcomas where analyzed the clinicopathological characteristics of 20 cases.
Introduction
Sarcomas are rare mesenchymal neoplasms that constitute 1% of all malignancies in the body and in the head and neck area accounts 4-10% of all [1] . Soft tissue sarcomas comprise more than 50 different histological subtypes with a wide spectrum of biological behavior, most are slow growing, locally aggressive, but lymph node metastases occur only in 3-10% and distant metastases in 28% (most commonly in lung, bone, liver and central nervous system). The metastasis are more common in high grade sarcomas [2] .
In the maxillary sinus the sarcomas are very rare in most series, and as much as 25% of head and neck sarcomas occur in this location; but there are only isolated reports of tumors in this region [3, 14] .
Surgery is the cornerstone of treatment and resection margin status and extent of surgical resection are the most important predictors of persistence, recurrence and overall survival. However, these tumors invade areas of difficult surgical access, making it difficult to achieve adequate surgical margins in head and neck area where there are no compartments as in the extremities, resulting in a high risk of local recurrence [4, 5] . In head and neck the most common site of involvement is the scalp, followed by the sinonasal tract and the most common histological types are unclassifiable sarcoma, angiosarcoma and Malignant fibrous histiocytoma (MFH) [6] .
The knowledge that we currently have in head and neck sarcomas is based in classic series that began decades ago in which there are misclassification in up to 39% of the population [1, 7] and there are not series published to date of maxillary sinus sarcomas .
We present a series of sarcomas of the maxillary sinus in a Hispanic population in order to evaluate clinical and pathological data and demographics to better understand of these rare tumors in this location.
Materials and Methods
We reviewed the medical records of patients with sarcomas in our institution between 1985 and 2010, we excluded those with bone sarcomas, odontogenic sarcomas, cutaneous sarcomas as Kaposi's sarcoma and cases that represent metastases of other sites (generally soft tissues of extremities). In all, 108 (6.5%) patients met the criteria for inclusion of sarcomas of the head and neck, of these 20 (1.2%) occurred in the maxillary sinus. The documented data were age, sex, tumor location, histological type, histological grade, tumor size, deep or superficial status, nodal status, presence or absence of metastasis, surgical resection and clinical stage. We used the American Join Committee on Cancer (AJCC) staging system at its seventh revision (2010), taking into account the clinical, radiological and pathological data (including surgical limits) in addition to those established by the College of American Pathologists (CAP) [9] in the same year; In summary, R2 is considered when grossly visible tumor is in the limit section, R1 is the presence of microscopic tumor at the edge section and R0 means surgical margin free of neoplasia. The histological gradificación system used was the French system FNCLCC (Fédération Nationale de Centres de Lutte Contre le Cancer) based on 3 grades [2] for which use the criteria established by Trojani [10] that evaluates necrosis, nuclear pleomorphism and mitosis. All surgical specimens or biopsies were reviewed histologically to determine the margin status, confirm the histological diagnosis and grading tumors.
To compare differences between qualitative variables studied (nominal or ordinal), we used a nonparametric Pearson's v 2 statistically significant for p \ 0.05. To analyze the distributions of the survival curves were used the Kaplan-Meier and Log Rank test.
Results

Demographic and Pathological Findings
The clinicopathologic features of 20 cases analyzed are summarized in Tables 1 and 2 . The average age at diagnosis was 38.9 years (range 17-79). Fourteen cases were in males (70%) and six cases in women (30%). The most common histological types were Malignant Tumor of Peripheral Nerve Sheath (MPNST) and MFH with 4 (20%) cases each, followed by Rhabdomyosarcoma with 3 cases (15%) ( depth, 10 cases (10%) were superficial to the underlying fascia, the 91 (90%) remaining cases were deep to this fascia. Histologic grade was high (grade 3) in 9 (45%) cases, grade 2 in 7 (35%) cases and grade 1 in 4 (20%) cases ( Table 2) . As for sex, the two cases of fibrosarcoma were females as well as 2 of 4 (50%) of MFH. The remaining lesions were exclusively or predominantly in men.
Clinical Stage and Surgical Margins
Clustering, 20% occur in localized stage with low metastatic potential (stage I) and 80% with high-grade tumors with high metastatic potential (stages II and III) and 0% in metastatic disease. Underwent surgery 13 patients who obtained a complete R0 resection in 9 (69%) cases and R1 resection in 4 (31%) cases, no have cases marked as R2 as is shown in Table 2 . G1 tumors were resected with R0 in 22% and G2-G3 by 80%. With respect to tumor size and depth, T1b tumors were taken to R0 50% of cases, T1b in 52.9%, T2a in 50 and 85.7% in T2b. Reconstruction was performed in 8 patients undergoing surgery (2 patients with T1b, T2a patients 2 and 4 patients with T2b). In terms of recurrence, no patients with R0 recur while 2 of 4 patients (50%) with R1 resection recur (v 2 p = 0.02). Of the seven patients not treated surgically, two were treated with chemotherapy as single modality and the remaining 5 with concomitant chemotherapy and radiation. Chemotherapy was based on platinum and adriamycin. The average dose of radiotherapy was 19.8 Gy. Of all patients who underwent surgery 12 (92%) received radiation therapy, either by close margins, positive margins or high grade tumor, and one patient received adjuvant chemotherapy.
In the survival analysis (Table 4) only patients who underwent surgery as initial treatment had better survival than those who received another treatment modality (p = 0.020). None of the other factors shown to be associated with improved survival, including histological grade and clinical stage.
Discussion
The head and neck sarcomas are rare and heterogeneous neoplasms, constitute only 1% of all cancers and account for 2-15% of cases of sarcomas in adults. They show a wide spectrum of clinical behavioral ranging from slow growing lesions to aggressive lesions with recurrent and metastatic capacity, which affect lymph nodes in 3-10% and distant sites in 28%, being the most affected site the lung, followed by bone, central nervous system and liver [14] [15] [16] [17] [18] [19] [20] [21] [22] . In the maxillary sinus three are not large series about this and experience is low and based on isolated case reports and by application of the knowledge derived from the soft tissues of the extremities. Then the discussion we will make it based on the studies published to date of head and neck sarcomas in general [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Analysis of the sarcomas in this location poses specific problems. First, it is very difficult due to their rarity achieve an adequate sample for statistical analysis. Second, the evaluation and monitoring of patients was based on radiographic studies with technology (hardware and software) continuously changed over the years, improving the assessment of patients. Third, the classification of sarcomas has evolved, are a heterogeneous group of at least 50 histological subtypes, each with its own histological variants classified according to their supposed origin tissue [2] , but today we know that sarcomas originate from a pluripotent stem cell can differentiate into any mesenchymal component, so that today the classification is based on the phenotype of the tumor. With advances in the field of immunohistochemistry (IHC) and molecular biology: now, we can classify more properly these tumors even in small samples [3] . However up to 20% of sarcomas are not classified [14] . Fourth, advances in the field of surgical oncology, especially the use of microvascular free flap reconstruction and advanced techniques have changed the surgical approach, allowing more and better resections achieving higher rates of resections R0. Fifth, we must mention that there are series that are excluded tumors such as rhabdomyosarcoma and primitive neuroectodermal tumor, since its natural history is different (respond well to chemotherapy) other authors also exclude the angiosarcoma, it is a highly malignant neoplasm.
Risk Factors
The cause of most sarcomas in any location remains unknown. There are genetic and environmental factors are clearly associated with these neoplasms. Patients with hereditary retinoblastoma, neurofibromatosis, and Lynch syndrome are at increased risk of sarcomas. Also, prior radiation to the head and neck is a risk factor. Makimoto et al. [23] found only 6 cases (0.14%) in 4184 patients with previous history of radiation in this area, I et al. [24] found it in 0.38% of their patients and the most common subtype is the MFH. It has been speculated that trauma and chronic infection plays a role in the development of sarcomas, but a real cause-effect relationship has not been proven.
Clinical Features and Presentation
Most sarcomas of the maxillary sinus presents with nonspecific signs and symptoms. Most appear as a tumor with progressive growth without pain, although it is reported that 14-25% may have pain [8] and can occur a variety of other symptoms such as runny nose and nasal obstruction.
The relationship between man and woman ranges from 1:1 to 2.8:1 [10] [11] [12] predominating in men. The most common age of presentation is between 50 and 60 years, ranging from 15 to 93 years, only the study of Eeles et al. [7] shows age of onset below 40 years, although their series included patients from 3 years old, decreasing the average age; the series of Kraus et al. [18] and Chen et al. [22] demonstrated mean age of onset \50 years and the rest we see that the average age is 50 years. In our series the proportion of male-female condition is 2.3 -1 and the average age of presentation is 38.9 years. The explanation for this is unclear, because we know that is not due to early detection, because 61% of tumors are in advanced stage.
Histologic Subtypes
In past decades the most common sarcomas were the Unclassified sarcoma, MFH and fibrosarcoma. Today, the majority of sarcomas can be classified and the latter two are considered diagnoses of exclusion only diagnosable if not demonstrated by IHC, cytogenetics, molecular and/or electron microscopy differentiation to a clearly recognizable histological subtype. Thus, in most of the series we see that the most prevalent subtype is MFH (20-34%), followed by fibrosarcoma (17-38%) and angiosarcoma (19-22%). As the series are more contemporary, diagnoses of fibrosarcoma, MFH, and unclassifiable sarcoma often are lost, for the reasons outlined above. In recent years the most common sarcomas are angiosarcoma, leiomyosarcoma and MPNST. In our series, in the maxillary sinus the most common subtypes were the MFH and MPNST (20% each) and rhabdomyosarcoma (15%), note that the percentages of different tumors in our series (Table 2) are very similar to each other, the difference between the first and last are 15% points and are 9 different tumors.
Sarcomas may be misdiagnosed or misclassified by the general pathologist. In recent works reviewing the sarcomas there are a change in diagnosis in 33-48% of cases, for example, in the study of Bree et al. [25] a histopathological review of 41 patients treated for head and neck sarcomas revealed that 7% of the cases studied revealed not to be sarcomas and 39% of the subtypes were diagnosed in another way, in particular, the original diagnosis of fibrosarcoma and MFH changed. Because these findings may have obvious implications, an expert pathology review and supported by additional studies is essential before starting treatment and also when reviewing historical retrospective material.
One of the main determinants of the biological behavior of these sarcomas is tumor grade, which correlates with lymph node metastasis, distant metastasis, recurrence, positive margins and overall survival [2, 5, 22] . Gradificación systems based on histological parameters were introduced in the eighties to provide more precise information on the degree of malignancy of tumors. Many and various systems were devised in order to discriminate between tumors of low grade and high grade. Generally, MFH, angiosarcoma, synovial sarcoma and alveolar sarcoma are by definition high-grade lesions. Dermatofibrosarcoma protuberans and well-differentiated liposarcoma are low-grade lesions. Other subtypes are gradified based on individual morphological parameters such as necrosis, nuclear pleomorphism and mitosis [10] . In the published series the proportion of low-grade tumors (G1) and high grade (G2 and G3) is close to 1:1, the G1 numbers varies from 22 to 45%, the G2 from 15 to 53% and G3 from 16 to 58%. In series where high-grade is unified combined G2 and G3 tumors, high grade tumors predominate slightly over the low grade, although there are series like Le Vay et al. [19] and Chen et al. [22] which correspond to 71 and 74% of cases. Our series is not far from the latter, adding grades 2 and 3 have 80% of high-grade tumors and 20% of low grade.
Tumor size and depth are important factors in evaluating the tumor resection. In the seven series in which data are available, the ratio of tumors smaller than 5 cm and [5 cm is similar in 2 of them and on the other 5 is dominated by \5 cm in 55-72%. Data from our series are different, as 30% of cases are \5 cm and the rest over 5 cm. This reflects the culture of our population, where the patient seeks medical attention when the tumor becomes a problem (e.g. very large lesion). Regarding the depth of the tumor, this finding is difficult to find in the different series analyzed, only the series of Chen et al. [22] reported 36 cases (92%) as deep and 3 (8%) superficial. Data from our series are similar for the superficial lesions were 10-90% deep.
Clinical Stage
Based on these clinical stages defined by the staging system of the seventh edition of the AJCC in 2010 [the disease can be divided into three groups, namely, an early stage with low-grade malignancy that has little or no metastatic potential (stages IA, IB), a locally advanced stage and aggressive high-grade tumors with high metastatic potential (stage IIA and IIB) and a stage with metastatic disease, whether lymph nodes (stage III) or other sites (stage IV)].
In published series are few data to stage and there are series like Colville et al. [5] in that missing data in 47% of cases did not allow staging. In our series we have in stage I a 20% of the study population, in stage II 45%, 35% in stage III and 0% in stage IV. This again is related to tumor size, lesion depth and histological type, as in our population predominated tumors larger than 5 cm, located deep to the underlying fascia and are high grade.
Treatment
Management of sarcomas of the maxillary sinus from any location is primarily surgical. The type of surgery is determined by several factors such as depth and location of the tumor, involvement of adjacent structures, need for reconstruction and functional status of the patient. Advances in the reconstructions (e.g., microvascular free flaps) allow wider excision, with potential improvement in cancer outcomes, aesthetic and functional. Due to the low prevalence of lymph node metastases elective lymph node dissection is not justified. In our series of 13 patients who underwent surgery, 92% of them received adjuvant radiotherapy, 69% were carried to complete resection (R0) and none of them recur. Of the cases with R1 (31%) only two recur in the follow-up.
The most important prognostic factors in sarcoma are tumor grade and clinical stage; both have shown over the years to be the best predictors of survival. In our study only patients who underwent surgery as initial treatment had better survival than those who received another treatment modality (p = 0.020). None of the other factors shown to be associated with improved survival, including histological grade and clinical stage. Perhaps these findings are due to sample size but we know that there are no published series and our knowledge is based on isolated reports.
Conclusions
Sarcomas of the maxillary sinus are rare tumors and represent a heterogeneous group of tumors with different histologic variants. The most frequent tumors were MPNST, MFH and rhabdomyosarcoma. The histological subtype is becoming more important due to the development of new treatment modalities and advances in immunohistochemistry and molecular biology have made more precise classification of sarcomas. We present the results of the first series of the maxillary sinus sarcomas, they predominated in men, the average age at diagnosis was 38.9 years, 90% of the tumors are deep, 80% are high grade and 70% are larger than 5 cm. Surgery is the mainstay of therapy and showed improved survival when it was the initial treatment.
